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Abstract: Pears (Pyrus communis L. cv. ‘Rocha’) were exposed to air or controlled atmosphere (CA)
containing various concentrations of CO2: 0, 0.5 and 5 kPa, all with 2 kPa O2. After 4 months of storage
at 2 ◦C, the fruits were transferred to air at room temperature, and assessed in terms of soluble solids,
titratable acidity, pH, incidence of brown heart and flesh browning, phenolic content, vitamin C content
and polyphenol oxidase activity. By 4 months of storage, soluble solids and pH increased, and acidity
decreased relative to harvest, but no differences were detected between pears stored under air or any of
the CA tested. Higher contents of hydroxycinnamic derivatives and flavan-3-ols in the peel than in the
flesh were recorded. However, the content of arbutin was higher in the flesh than in the peel, whereas
flavonols were only detected in the peel. In general, hydroxycinnamic derivatives and flavonols were stable
throughout storage, but flavan-3-ols decreased in concentration under air or CA. Arbutin was the only
phenolic compound that increased in concentration as time elapsed. No clear relation was found between
the storage conditions tested and the phenolic concentration in pears. Regarding ascorbic acid (AA) and
dehydroascorbic acid (DHA), their concentrations were higher in the peel than in the flesh. Furthermore,
AA and DHA were strongly affected by storage: the former decreased, whereas the latter increased in
content. A decrease in PPO activity was apparent after harvest and during storage, particularly under
higher levels of CO2. The combination 2 kPa O2 + 5 kPa CO2 increased the incidence of internal disorders
(viz. brown heart and flesh browning) after storage.
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INTRODUCTION
Assurance of safety of a food product, maintenance
of its quality and concern about its ‘health-protecting
capacities’ are major goals pursued by the various
elements of the food chain, including producers
and consumers.1,2 In recent years, several studies
pertaining to the correlation between consumption
of food products with a high content of antioxidant
compounds, and prevention of coronary heart diseases
and incidence of cancer, have been published.3,4
The antioxidant capacity of plant tissues, based
on such compounds as phenolics, carotenoids,
tocopherol and ascorbic acid, as affected by exposure
to stress conditions, has also been tackled as
a subject of research.5,6 The outcome of the
application of controlled atmosphere (CA) technology
towards extension of pear shelf-life, as well as its
implication regarding the development of storage
disorders, has also been made available.7 CA
injuries refer to the internal breakdown of the
cortex and/or core tissue, probably developed in
response to adverse pre-harvest and/or post-harvest
environments, which may produce distinct metabolic
rates, resistance to gas diffusion and change in energy
metabolism.8–11
‘Rocha’ pear is the most widespread variety of
pear grown in Portugal; it has a good commercial
potential owing to its unique characteristics.12 It is of
extreme importance for distribution chain managers
to assure a final product bearing good quality
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even after several months of storage; it is indeed
known that the ‘Rocha’ pear variety can develop
CA-related disorders when stored under high CO2
concentrations.13
The aim of this work was therefore to evaluate
the effect of storage under different levels of CO2
on the quality of ‘Rocha’ pear in terms of its
antioxidant content, specifically phenolic and vitamin
C levels. Incidence of brown heart and flesh browning,
content of soluble solids, titratable acidity, pH and
polyphenoloxidase activity were also assessed. Hence,
this work attempted to extend related work on
other varieties of pears and to address the issue
of validity of the only published work on ‘Rocha’
pears, while specifically adding to overall pear storage
optimisation.
EXPERIMENTAL
Plant material
Studies were conducted using fruits harvested in
August 2002. ‘Rocha’ pears were grown at Estac¸a˜o
Nacional de Fruticultura Vieira Natividade in
Alcobac¸a, Portugal. Immediately after harvest, fruits
were transported to the Post-harvest Technology Lab-
oratory at Escola Superior de Biotecnologia in Porto,
Portugal. Pears free from defects and without evi-
dence of mechanical injury were selected for storage,
under conditions set forth according to the experimen-
tal design chosen. Before storage, pears were cleaned,
cooled overnight to 4 ◦C and subjected to 90–95% rel-
ative humidity (RH); on the next day, they were duly
calibrated and weighed. Forty pears were selected at
random and allowed to ripen in air at room tempera-
ture (18–20 ◦C) for 14 days. After 1, 6, 9 and 14 days
following harvest, ten pears were assessed in terms of
quality indices to follow their evolution under normal
conditions.
Controlled atmosphere storage
Pears were stored under CA conditions for 4 months at
2 ± 0.5 ◦C and 90–95% RH. Combinations of 2 kPa
O2 with 0, 0.5 and 5 kPa CO2 were applied, as well
as plain air used as a control. Gas mixtures were
humidified and continuously flushed at a flow rate of
13 mL min−1 into each experimental container (with
an individual capacity of 7 L, and containing ca 2.0 kg
pears).
After 4 months, pears were removed from storage
and allowed to ripen in air at room temperature
(18–20 ◦C) in order to simulate the marketing
period. After 1, 6 and 8 days of exposure to air
at room temperature, ten pears were taken at
random from each storage condition and evaluated
in terms of incidence of storage disorders and quality
indices. For determination of phenolic compound
content, vitamin C content and polyphenol oxidase
(PPO) activity, the flesh and peel of pears from
each condition were separately frozen in liquid
nitrogen, and stored at −20 ◦C until analysis. Weight
loss was less than 1% throughout the period of
storage.
Storage disorders
The incidence of brown heart (BH) and flesh browning
(FB) was evaluated in seven pears and scored using the
following scale: 1 = absent, 2 = very slight, 3 = slight,
4 = moderate and 5 = severe.
Quality indices
Soluble solids (SS), titratable acidity (TA) and pH
were evaluated in triplicate in three pears randomly
selected. The SS content was measured with a hand
refractometer (Atago model N1, Tokyo, Japan) and
was expressed in ◦Brix. The TA was determined by
titrating 10 mL of juice samples with 0.1 mol L−1
NaOH, and was expressed as grams of malic acid
per 100 mL. The pH values were measured with a pH
meter (Crison model 501, Barcelona, Spain).
Analysis of phenolic compounds
Phenolic compounds were determined as described
by Galvis-Sa´nchez et al.14 Pear flesh or peel (10 g)
was homogenised with 10 mL of a methanol/formic
acid (98:2 v/v) mixture, using an Ultra-Turrax (IKA
Labortechnik model T 25, Staufen, Germany) for
3 min in an ice bath (4 ◦C). The homogenate was
filtered through a filter cloth, centrifuged at 10 500 × g
for 3 min and passed through a 0.45 µm membrane
filter. 95 µL of extract was injected in an HPLC system
(Merck-Hitachi, Darmstadt, Germany) equipped with
a pump (model L-7100), a diode array detector (model
L-7455) and an autosampler (model L-7200). A
reverse-phase C18 LiChroCART column (25 × 0.4 cm
filled with 5 µm particles, from Merck) was utilised.
The mobile phase was constituted of water/formic acid
(95:5, v/v) (solvent A) and HPLC-grade methanol
(solvent B). The linear gradient started from 10% B
to reach 15% B by 30 min, and 50% B by 62 min. The
flow rate was 1 mL min−1 and chromatograms were
recorded at 280, 330 and 350 nm.
Retention times and UV-Vis spectra were com-
pared with suitable standards. The flavan-3-ol deriva-
tives were quantified as catechin (Sigma-Aldrich, St
Louis, MO, USA). Hydroxycinnamic acid deriva-
tives were quantified as chlorogenic acid (Sigma-
Aldrich). Flavonols were quantified using quercetin
3-O-glucoside isolated from onion. Arbutin (p-
hydroxyphenyl-β-D-glucoside) was quantified using a
commercial standard (Sigma-Aldrich). For each stor-
age condition and time of exposure to air, phenolic
compounds were assayed in triplicate. The concen-
tration in the flesh and the peel was expressed as
mg 100 g−1 fresh weight (fw).
Analysis of vitamin C
Vitamin C content was calculated as the sum of
ascorbic acid (AA) and dehydroascorbic acid (DHA)
contents. They were determined as described by
Zapata and Dufour,15 with some modifications.16 The
flesh or peel of the pears (30 g) was homogenised with
30 mL of methanol/water (5:95 v/v) plus 10 g L−1 HCl,
using an Ultra-Turrax for 3 min. The homogenate was
centrifuged at 8000 × g for 5 min and the supernatant
was filtered through a filter cloth. The pH of the
filtrate was adjusted to between 2.2 and 2.4 with
1 mol L−1 HCl. Extraction procedures were carried
out at 4 ◦C in the absence of light. Pear sample
extracts of 1200 µL were incubated with 400 µL of
a solution of 1,2-phenylenediamine dihydrochloride
(OPDA, from Sigma-Aldrich), for 30–40 min. The
samples were analysed with an HPLC system equipped
with a UV-Vis detector (UV-1575), an autosampler
(AS-1555) and a pump (PU-1580), all controlled
by appropriate software (Borwin v. 1.5, from Jasco
Corporation, Tokyo, Japan). Separation of AA and
DHA was achieved in a reverse-phase C18 column
(250 × 4.6 mm with 5 µm particles, from Waters,
MA, USA). The mobile phase was methanol/water
(5:95, v/v) containing 5 mmol L−1 cetrimide and
50 mmol L−1 potassium dihydrogen phosphate at
pH 4.5. The flow rate was 0.8 mL min−1 and the
injection volume was 20 µL. The detector was set
at 348 nm for DHA and 261 nm for AA detection.
Three replicates of each storage condition and time
of exposure to air were performed, for both flesh
and peel; AA and DHA contents were expressed in
mg 100 g−1 fw.
Analysis of PPO activity
A pear crude extract was prepared by homogeni-
sing 30 g of frozen pear pulp with 30 mL of
0.2 mol L−1 sodium phosphate buffer (pH 6.5),
containing 20 g L−1 polyvinylpolypyrrolidone (PVPP)
and 2.5 g L−1 Triton X-100, using an Ultra-Turrax
for 3 min (at 1 min intervals) in an ice bath. The
homogenate was centrifuged at 4 ◦C and 16 000 × g for
30 min at 4 ◦C, using an adequate centrifuge (Sorvall
RC-5C, from Instruments Dupont, Newtown, CT,
USA). The supernatant was then filtered through
cheesecloth, and its volume was duly recorded. For the
assay reaction, 300 µL of supernatant was mixed with
2.7 mL of catechol (used as substrate). The reference
cuvette contained only the substrate solution. The
increase in absorbance was recorded at 420 nm for
1 min at 25 ◦C, using a UV-Vis spectrophotometer
(model UV-260, from Shimadzu, Japan). The linear
part of the absorbance vs time plot was used to estimate
the activity of the enzyme (U g−1 min−1). One unit of
enzymatic activity (U) was defined as the change of
0.001 units in absorbance under the aforementioned
assay conditions. Three measures of each replicate
were taken.
Statistical analysis
All data were subject to analysis of variance (ANOVA),
at a significance level of 5%, in an effort to assess the
influence of storage conditions and time of exposure
to air on quality parameters, phenolic composition,
vitamin C content and PPO activity. Duncan’s
multiple range test was employed to detect significant
differences between storage conditions.
RESULTS AND DISCUSSION
Influence of storage conditions on quality
parameters
One day after harvest, the SS content was 11.3 ± 1.2
◦Brix, and increased up to 15.0 ± 1.0 ◦Brix by 14 days
of exposure to air at room temperature. After 4 months
of storage and 1 day of exposure to air, an increase
in the SS content relative to its initial harvest value
was observed in pears under all conditions. This
behaviour was not followed by pears stored in 2 kPa
O2 + 0.5 kPa CO2 (Table 1). After 6 days of exposure
to air, an increase in the SS content was recorded for
pears under all storage conditions, which remained
for up to 8 days; this increase was associated with
synthesis of sugars.17 In general, storage conditions did
not affect the SS content in ‘Rocha’ pears; our results
were thus in agreement with those reported by Lo´pez
et al.,18 pertaining to ‘Doyenne du Comice’ pears
stored under similar concentrations of O2 and CO2.
Immediately after harvest, the acidity of pears
was 1.8 ± 0.2 g of malic acid 100 mL−1; during the
additional 14 days of exposure to air, no variations
were observed in this quality parameter. Acidity
decreased after 4 months of storage, as well as during
the additional time of exposure to air at room
temperature (Table 1). In general, no differences
were detected among pears from the various storage
conditions considered. The acidity decrease in ‘Rocha’
pears during storage was consistent with previous
findings pertaining to ‘Bartlett’ pears after CA and
air storage,19 although a greater decrease for those
pears stored under air was noticed than for those
stored under CA conditions.
Upon harvest, the pH of the pears was 4.13 ± 0.05.
As time of exposure to air at room temperature
elapsed, the pH increased lightly, reaching a final value
of 4.56 ± 0.07. By 4 months of storage, an increase in
pH was observed for all storage conditions; however,
during the additional time of exposure to air, no
clear tendency of this parameter could be pinpointed
(Table 1). Coseteng and Lee20 reported an increase in
pH for different varieties of apples during maturation
and cold storage; such behaviour was attributed to
the decrease in acid concentration, which was brought
about by changes of the metabolism in the fruit.20
Influence of storage conditions on phenolic
content
Upon harvest, great differences were found in the con-
tent of hydroxycinnamic derivatives and flavan-3-ols
between the flesh and the peel of ‘Rocha’ pears; sim-
ilar findings have been reported for other varieties of
pear.14 Chlorogenic acid was the major hydroxycin-
namic compound; in this variety, the hydroxycinnamic
derivative and flavan-3-ol contents were three- and
ten-fold higher in the peel than in the flesh, respectively
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(Table 2). However, the content of arbutin was higher
in the flesh than in the peel, whereas flavonols were
only detected in the peel (Table 2). Several authors
have encountered similar phenolic contents in other
varieties of pear.21,22 During the additional 14 days
of exposure to air at room temperature, a decrease
in the concentrations of hydroxycinnamic deriva-
tives and arbutin was detected in the flesh, while
those of flavan-3-ols remained essentially unchanged
(Table 2); the content of hydroxycinnamic derivatives
and flavan-3-ols in the peel decreased, but the con-
tent of arbutin increased in this period (Table 2).
Such an increase could trigger pear browning, since
arbutin has been described as a polyphenol oxidase
substrate.23 In the flesh and peel of apples, the con-
centration of phenolic compounds (flavan-3-ols and
chlorogenic acid) decreased during development at
early stages of ripening,24,25 in agreement with our
results, which encompassed a decreasing trend of
these compounds after harvest and throughout the
whole ripening period.
After 4 months of storage, the difference between
flesh and peel in terms of hydroxycinnamic derivatives
and flavan-3-ols persisted, whereas the arbutin
concentration was higher in the peel than in the flesh
(Tables 3 and 4). The hydroxycinnamic derivatives of
the flesh were stable after storage, during the additional
time at room temperature, except for pears stored
under 2 kPa O2 + 0.5 kPa CO2 for which their content
decreased (Table 3). During the same period, the
flavan-3-ols decreased in concentration in the pears
stored under CA (Table 3). Higher concentration of
flavan-3-ols in pears was observed in air than under
CA conditions, as described elsewhere.26 Regarding
arbutin, the concentration by 4 months of storage was
lower in pears stored under CA than in those stored
in air (Table 3), these results are in agreement with
those reported by Amiot et al.26 Arbutin increased in
content in the pears stored under CA (Table 3).
The concentration of hydroxycinnamic derivatives
in the peel decreased after storage under air and CA
conditions, but was stable throughout the additional
time of exposure to air (Tables 2 and 4). The flavan-
3-ols decreased in concentration after storage and
after the additional period at room temperature, and
reached a similar value under all storage conditions
(Tables 2 and 4). After storage, the concentration of
arbutin increased in the peel of pears stored under
all conditions (Tables 2 and 4). During the additional
time at room temperature, the concentration of arbutin
decreased for air and 2 kPa O2 + 0.5 kPa CO2, was
unchanged for 2 kPa + 0 kPa CO2 and increased for
2 kPa O2 + 5 kPa CO2 (Table 4). The flavonols were
stable after storage, so no significant differences could
be detected (Tables 2 and 4).
Influence of storage conditions on AA/DHA
content
Upon harvest, concentrations of AA and DHA
were two-fold higher in the peel than in the flesh
Table 2. Contents of hydroxycinnamic derivatives, flavan-3-ols, arbutin and flavonols (mg 100 g−1 fw) in the flesh and in the peel of ‘Rocha’ pear
after harvest, followed by an extra 1, 6, 9 and 14 days in air at room temperature (18–20 ◦C)a
Time (days)
Tissue Phenolic 1 6 9 14
Flesh Hydroxycinnamics 12.5 (0.4)ab 12.3 (0.1)a 11.1 (0.4)b 9.4 (0.1)c
Flavan-3-ols 6.4 (0.6)a 5.9 (0.7)ab 4.2 (0.4)b 5.9 (1.2)ab
Arbutin 3.9 (0.2)a 0.8 (0.1)b 0.7 (0.0)b 0.2 (0.0)c
Peel Hydroxycinnamics 41.0 (0.2)a 42.5 (2.3)a 34.4 (0.1)b 26.2 (0.3)c
Flavan-3-ols 60.2 (4.2)a 64.3 (6.6)ab 52.6 (4.7)b 31.4 (2.7)c
Arbutin 0.7 (0.0)b 0.9 (0.3)b 1.3 (0.3)b 4.9 (0.1)a
Flavonols 8.2 (0.4)b 10.3 (1.3)a 8.4 (1.1)b 7.2 (0.1)b
a Data are means of three replicates; standard deviation is included in parentheses.
b Mean separation within columns by Duncan’s multiple range test (P = 0.05); significantly different means are followed by different letters (a, b, c)
Table 3. Contents of hydroxycinnamic derivatives, flavan-3-ols and arbutin (mg 100 g−1 fw) in the flesh of ‘Rocha’ pear after 4 months of storage,
followed by an extra 1, 6 and 8 days in air at room temperature (18–20 ◦C)a
Hydroxycinnamics Flavan-3-ols Arbutin
Storage conditions 1 day 6 days 8 days 1 day 6 days 8 days 1 day 6 days 8 days
Air 10.9 (0.7) NS 10.4 (0.3)abb 11.0 (0.2)a 8.2 (0.1)a 7.7 (0.3)a 7.8 (0.4)a 4.2 (0.2)a 3.6 (0.1)a 4.3 (0.2)a
2 kPa O2 + 0 kPa CO2 10.7 (0.1) NS 10.9 (0.7)a 9.8 (0.5)bc 6.8 (0.4)b 4.4 (0.6)b 5.3 (0.2)b 2.0 (0.3)c 2.5 (0.2)b 3.7 (0.3)ab
2 kPa O2 + 0.5 kPa CO2 11.2 (0.3) NS 10.3 (0.2)ab 9.7 (0.6)c 5.4 (0.9)c 4.2 (0.9)b 4.3 (0.2)c 2.4 (0.0)b 2.3 (0.1)b 2.8 (0.1)c
2 kPa O2 + 5 kPa CO2 10.1 (0.8) NS 9.9 (0.2)b 10.6 (0.1)ab 5.6 (0.5)c 4.9 (0.1)b 4.0 (0.2)c 2.3 (0.1)bc 1.5 (0.3)c 3.4 (0.5)bc
a Data are means of three replicates; standard deviation is included in parentheses.
b Mean separation within rows by Duncan’s multiple range test (P = 0.05); significantly different means are followed by different letters (a, b, c); NS,
not significant.
(Table 5). After exposure to air at room temperature,
concentrations of AA and DHA decreased both in the
flesh and in the peel (Table 5). With regard to our
results, Veltman et al.27 detected higher (62%) AA
content in the flesh of ‘Rocha’ pears.
AA and DHA concentrations in pears were
significantly affected by the storage conditions and
by the time of exposure to air at room temperature.
After 4 months of storage, the concentration of AA
in the flesh decreased 80–85% under all storage
conditions, whereas that of DHA increased 82–93%
relative to the value measured at harvest (Tables 5
and 6). After 1 day of exposure to air, no differences in
concentration of AA in the flesh were detected under
the various storage conditions, whereas it decreased
with time of exposure to air. After the remaining time
at room temperature, the concentration of DHA in
the pear flesh stored in air was the highest. In general,
the lowest DHA was exhibited by pears under 2 kPa
O2 + 5 kPa CO2 (Table 6).
By 4 months of storage, the concentration of AA
in the peel decreased by 87–95% and that of
DHA increased by 74–82% as compared to the
value prevailing at harvest (Tables 5 and 6). The
lowest decrease was for pears under atmospheres
containing extra CO2, whereas pears kept under 2 kPa
O2 + 0.5 kPa CO2 showed the highest increase in
DHA concentration (Table 6). During the following
storage period in air at room temperature, the pears
under atmospheres containing extra CO2 showed
lower AA content and higher DHA content. No
changes in either were detected for storage under
2 kPa O2 (Table 6).
The losses of AA content in ‘Rocha’ pears were
greater during storage than those found when the fruits
were transferred to air at room temperature, which
is in agreement with Veltman et al.27 A high CO2
concentration during storage was claimed to promote
AA degradation;28 however, AA losses were higher
in our case, irrespective of the storage conditions.
The decrease in the concentration of vitamin C could
be due to autoxidation and enzymatic degradation
(mediated by ascorbate oxidase, polyphenol oxidase,
cytochrome oxidase and/or peroxidase). The pH plays
an important role on ascorbate oxidase activity; this
enzyme exhibits its maximum activity in the pH range
4.5–5.5. In our case, the increase in pear pH under
all storage conditions could favour degradation of AA
during storage.29
Influence of storage conditions on PPO activity
Upon harvest, PPO activity in the flesh of pears
was 3712.1 ± 901.9 U g−1 min−1, and it decreased
down to 241.1 ± 55.1 U g−1 min−1 within 14 days of
exposure to air at room temperature. In the following
4 months of storage, a decrease in that enzymatic
activity was detected in pears exposed to all conditions
when compared to their harvest value (Table 7).
After 1 day exposed to air, pears stored under 2 kPa
O2 + 0.5 kPa CO2 showed the highest PPO activity;
T
ab
le
4.
C
on
te
nt
s
of
hy
d
ro
xy
ci
nn
am
ic
d
er
iv
at
iv
es
,fl
av
an
-3
-o
ls
,a
rb
ut
in
an
d
fla
vo
no
ls
(m
g
10
0
g−
1
fw
)i
n
th
e
p
ee
lo
f‘
R
oc
ha
’p
ea
r
af
te
r
4
m
on
th
s
of
st
or
ag
e,
fo
llo
w
ed
b
y
an
ex
tr
a
1,
6
an
d
8
d
ay
s
in
ai
r
at
ro
om
te
m
p
er
at
ur
e
(1
8
–
20
◦ C
)a
H
yd
ro
xy
ci
nn
am
ic
s
Fl
av
an
-3
-o
ls
A
rb
ut
in
Fl
av
on
ol
s
S
to
ra
ge
co
nd
iti
on
s
1
da
y
6
da
ys
8
da
ys
1
da
y
6
da
ys
8
da
ys
1
da
y
6
da
ys
8
da
ys
1
da
y
6
da
ys
8
da
ys
A
ir
30
.6
(0
.3
)c
b
32
.2
(1
.4
)a
b
31
.5
(0
.5
)N
S
35
.0
(0
.9
)a
28
.1
(2
.2
)a
19
.0
(2
.3
)N
S
8.
8
(0
.0
)a
7.
5
(0
.6
)b
6.
9
(0
.2
)b
5.
9
(1
.0
)N
S
5.
8
(0
.7
)N
S
6.
1
(0
.4
)N
S
2
kP
a
O
2
+
0
kP
a
C
O
2
33
.7
(0
.6
)a
33
.7
(0
.9
)a
33
.2
(1
.9
)N
S
30
.2
(1
.1
)b
20
.0
(1
.9
)b
18
.5
(0
.6
)N
S
8.
3
(0
.8
)a
8.
5
(0
.1
)a
8.
5
(0
.0
)a
6.
4
(0
.3
)N
S
7.
2
(3
.0
)N
S
5.
8
(2
.5
)N
S
2
kP
a
O
2
+
0.
5
kP
a
C
O
2
31
.6
(0
.2
)b
29
.5
(0
.6
)c
30
.4
(2
.1
)N
S
36
.3
(0
.8
)a
25
.5
(1
.9
)a
b
19
.3
(1
.1
)N
S
5.
2
(0
.2
)b
6.
9
(0
.0
)b
4.
4
(0
.0
)c
6.
5
(0
.6
)N
S
6.
4
(1
.9
)N
S
6.
1
(1
.6
)N
S
2
kP
a
O
2
+
5
kP
a
C
O
2
31
.9
(0
.4
)b
30
.5
(0
.3
)b
c
32
.4
(0
.3
)N
S
27
.1
(0
.1
)c
19
.5
(3
.8
)b
20
.2
(0
.7
)N
S
6.
0
(0
.3
)b
6.
3
(0
.0
)b
6.
9
(0
.0
)b
5.
6
(0
.8
)N
S
7.
8
(1
.0
)N
S
5.
7
(0
.4
)N
S
a
D
at
a
ar
e
m
ea
ns
of
th
re
e
re
p
lic
at
es
;s
ta
nd
ar
d
d
ev
ia
tio
n
is
in
cl
ud
ed
in
p
ar
en
th
es
es
.
b
M
ea
n
se
p
ar
at
io
n
w
ith
in
ro
w
s
b
y
D
un
ca
n’
s
m
ul
tip
le
ra
ng
e
te
st
(P
=
0.
05
);
si
gn
ifi
ca
nt
ly
d
iff
er
en
t
m
ea
ns
ar
e
fo
llo
w
ed
b
y
d
iff
er
en
t
le
tt
er
s
(a
,b
,c
);
N
S
,n
ot
si
gn
ifi
ca
nt
.
Table 5. Contents of ascorbic acid (AA) and dehydroascorbic acid
(DHA) (mg 100 g−1 fw) in the flesh and in the peel of ‘Rocha’ pear after
harvest, followed by an extra 1, 6, 9 and 14 days in air at room
temperature (18–20 ◦C)a
Time (days)
Tissue Content 1 6 9 14
Flesh AA 4.4 (0.8)ab 0.7 (0.4)c 2.0 (0.5)b 0.7 (0.2)c
DHA 1.2 (0.5)a 0.9 (0.6)ab 0.6 (0.1)b 0.6 (0.4)b
Peel AA 8.4 (0.5)a 6.2 (1.2)b 3.4 (0.3)c 2.7 (0.5)c
DHA 2.9 (0.5)ab 3.7 (0.8)ab 4.2 (1.5)a 2.6 (0.7)b
a Data are means of three replicates; standard deviation is included in
parentheses.
b Mean separation within columns by Duncan’s multiple range test
(P = 0.05); significantly different means are followed by different letters
(a, b, c).
after 6 and 8 days exposed to air, the highest PPO
activity changed relative to pears stored under 2 kPa
O2. The lowest PPO activity was for pears subjected to
2 kPa O2 + 5 kPa CO2. Previous studies30,31 indicated
that a high CO2 concentration inhibits PPO activity.
On the other hand, the decrease in PPO activity in
pears during storage might indicate decrease in cell
viability, enzyme decay and fruit senescence.32 The
decrease in such a parameter was also observed in
apples stored under various levels of CO2; in this case,
the reduction was attributed to breakdown of the cell
membrane and wall, which allowed changes in the
subcellular location of PPO, followed by reaction of
phenolic substrates.33
Influence of storage conditions on storage
disorders
By 4 months of storage and after 1 day of exposure
to air at room temperature, only pears that had
been stored under 2 kPa O2 + 5 kPa CO2 showed BH
(Fig. 1(a)); BH increased by 6 days of exposure to
air at room temperature in pears from all conditions
(Fig. 1(b)). A further increase in the incidence of BH
was detected in pears after an additional 8 days at
room temperature (data not shown). On the other
hand, FB was detected by 1 day of exposure to air in
pears stored under 2 kPa O2 + 5 kPa CO2; by an extra
6 days, it was also observed in fruits stored under
2 kPa O2 (Fig. 2(a, b)). After another 8 days, FB
was detected in pears from all conditions, and the
degree of incidence increased in fruits that already
presented FB symptoms. The causes of the incidence
of core breakdown (BH and FB) in pears stored under
CA conditions have been extensively studied;27,34,35
one of the factors that promote development of such
disorders during storage is high CO2 and low O2
concentrations. In our case, the ripening conditions
tested could also have a strong influence on the
development of such disorders.
As mentioned above, the phenolic and vitamin C
(AA and DHA) contents of ‘Rocha’ pears suffered
great changes during storage. Note that AA content
plays an important role in the protective system
Table 6. Contents of ascorbic acid (AA) and dehydroascorbic acid (DHA) (mg 100 g−1 fw) in the flesh and in the peel of ‘Rocha’ pear after 4 months
of storage, followed by an extra 1, 6 and 8 days in air at room temperature (18–20 ◦C)a
AA DHA
Tissue Storage condition 1 day 6 days 8 days 1 day 6 days 8 days
Flesh Air 0.8 (0.1) NS 0.7 (0.0)ab 0.6 (0.0) 14.7 (0.2)a 16.0 (3.9)a 17.0 (0.1)a
2 kPa O2 + 0 kPa CO2 1.0 (0.1) NS 0.6 (0.1)a 0.5 (0.0) 9.5 (0.6)c 8.6 (0.5)b 6.2 (0.3)c
2 kPa O2 + 0.5 kPa CO2 0.9 (0.2) NS 0.5 (0.1)b NM 11.6 (0.7)b 7.1 (1.2)b 6.9 (0.4)b
2 kPa O2 + 5 kPa CO2 0.8 (0.1) NS 0.5 (0.0)b NM 6.0 (0.3)d 7.2 (0.5)b 6.0 (0.4)c
Peelc 2 kPa O2 + 0 kPa CO2 0.4 (0.0)c 0.4 (0.1)b 0.4 (0.0) NS 11.4 (0.1)b 11.3 (0.0)b 11.4 (0.0)b
2 kPa O2 + 0.5 kPa CO2 0.9 (0.1)b 0.8 (0.2)a 0.4 (0.0) NS 16.6 (1.0)a 13.8 (0.4)a 14.8 (1.4)a
2 kPa O2 + 5 kPa CO2 1.1 (0.0)a 1.1 (0.1)a 0.4 (0.0) NS 11.5 (1.1)b 10.6 (0.7)b 11.6 (0.5)b
a Data are means of three replicates; standard deviation is included in parentheses.
b Mean separation within rows by Duncan’s multiple range test (P = 0.05); significantly different means are followed by different letters (a, b, c); NS,
not significant; NM, not measured.
c Air data were not shown because sample was lost.
Table 7. Activity of polyphenol oxidase (U g−1 min−1) in the flesh of ‘Rocha’ pear after 4 months of storage, followed by an extra 1, 6 and 8 days in
air at room temperature (18–20 ◦C)a
Time (days)
Storage conditions 1 6 8
Air 1896.6 (43.6)bb 1272.6 (126.7)b 2028.1 (74.5)c
2 kPa O2 + 0 kPa CO2 2245.8 (298.7)b 2342.4 (161.7)a 2606.6 (123.7)a
2 kPa O2 + 0.5 kPa CO2 2705.8 (269.8)a 1167.5 (87.1)b 2264.1 (170.2)b
2 kPa O2 + 5 kPa CO2 1300.1 (155.9)c 970.3 (34.6)c 1370.1 (66.8)d
a Data are mean of three replicates; standard deviation is included in parentheses.
b Mean separation within rows by Duncan’s multiple range test (P = 0.05); significantly different means are followed by different letters (a, b, c).
a
Degree of incidence
0 1 2 3 4 5
Pe
rc
en
ta
ge
 (%
) o
f i
nc
ide
nc
e
0
20
40
60
80
100
b
Degree of incidence
0 1 2 3 4 5
Pe
rc
en
ta
ge
 (%
) o
f i
nc
ide
nc
e
0
20
40
60
80
100
Figure 1. Incidence of BH in ‘Rocha’ pears after 4 months of storage in air: ( ); 2 kPa O2: ( ); 2 kPa O2 + 0.5 kPa CO2: ( ); and 2 kPa
O2 + 5 kPa CO2: ( ), after 1 (a) and 6 days (b) of exposure to the open air at room temperature (18–20 ◦C). Degree of incidence: 1 = absent;
2 = very slight; 3 = slight; 4 = moderate; 5 = severe. Columns represent the mean of 7 observations.
against oxidative damage of fruits. The modulation
of the antioxidant system has been associated with
accumulation of DHA, which can accelerate catabolic
processes.36 On the other hand, a decrease in the
AA content might lead to accumulation of oxidative
substances, which promote membrane oxidation.37
In addition, the low PPO activity observed in pears
stored under 5 kPa CO2 might indicate that such
a concentration causes disruption of the normal
metabolic balance of plant cells. As a consequence
of this fact, membrane breakdown may take place,
thus allowing leakage of phenolic compounds and
occurrence of enzymatic reactions during storage;33
development of internal problems in pears might be
related to these reactions.
CONCLUSIONS
The antioxidant system of ‘Rocha’ pears was altered
during storage time. This fact was reflected in the
changes observed in the phenolic content and in the
conversion of AA to DHA, both in the flesh and in the
peel of pears stored under all conditions. A decrease
in PPO activity was apparent after harvest and during
storage, particularly under higher levels of CO2. The
incidence of internal disorders in ‘Rocha’ pears was
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Figure 2. Incidence of FB in ‘Rocha’ pears after 4 months of storage in air: ( ); 2 kPa O2: ( ); 2 kPa O2 + 0.5 kPa CO2: ( ); and 2 kPa
O2 + 5 kPa CO2: ( ), after 1 (a) and 6 days (b) of exposure to the open air at room temperature (18–20 ◦C). Degree of incidence: 1 = absent;
2 = very slight; 3 = slight; 4 = moderate; 5 = severe. Columns represent the mean of 7 observations.
higher for those stored under 5 kPa CO2 combined
with 2 kPa O2. This pear variety is very sensitive to
CA composition and temperature/RH, so the storage
conditions should be properly selected in order to
preserve quality following harvest.
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